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ABSTRACT
We present a study of the spectral properties during state transition of GX 339-4. Data are
taken from the 2010 outburst of GX 339-4, which is densely covered by Rossi X-ray Timing
Explorer, providing an excellent coverage of the state transitions between the low/hard state
and the high/soft state. We select all observations within a certain hardness ratio range dur-
ing the soft intermediate state (SIMS). This sample was chosen in such a way to comprise
all observations that show a type-B quasi-periodic oscillation (QPO). In addition, we also
investigate the spectra of hard intermediate state observations. The spectra, obtained from
Proportional Counter Array data in the 10 to 40 keV range, are fitted with a power law and
an additional high energy cut-off if needed. We find that the spectra are significantly harder
during the SIMS of the soft-to-hard transition than they are during the hard-to-soft transition.
This demonstrates that during the SIMS of the soft-to-hard transition not only the luminos-
ity and peak frequencies of type-B QPOs are lower, but that also the photon index is lower,
compared to the hard-to-soft transition. Hence, type-B QPOs can be associated to a different
spectral shape even though they appear at the same hardness. However, in each branch only
certain combinations of centroid frequency and photon index are realised.
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1 INTRODUCTION
GX 339-4, a black hole X-ray transient (BHT), was discov-
ered in 1973 by the OSO-7 satellite (Markert et al. 1973).
Since then GX 339-4 showed several X-ray outburst (see e. g.
Miyamoto et al. 1991; Belloni et al. 1997; Mendez & van der Klis
1997; Zdziarski et al. 2004; Belloni et al. 2005, 2006; Yu et al.
2007; Motta et al. 2009; Mun˜oz-Darias et al. 2011). The system is
a low mass X-ray binary, harbouring a >6 M⊙ black hole accreting
from a subgiant star in a 1.7 d orbital period (Hynes et al. 2003;
Mun˜oz-Darias et al. 2008). GX 339-4 represents a prime example
for the spectral and temporal evolution of a BHT during outburst.
The different states through which a BHT evolves during an out-
burst can be identified in the hardness intensity diagram (HID;
Belloni et al. 2005; Homan & Belloni 2005; Gierlin´ski & Newton
2006; McClintock & Remillard 2006; Fender et al. 2009; Belloni
2010). In a log-log representation different states are found to cor-
respond to different branches/areas of a q-shaped pattern. Recently,
Mun˜oz-Darias et al. (2011) showed that the rms-intensity diagram
(RID) allows the identification of states based on temporal informa-
tion only. It is widely agreed on that at the begin and end of an out-
burst a BHT is in the so-called low/hard state (LHS), and that there
⋆ E-mail: holger.stiele@brera.inaf.it
is in between a transition to the high/soft state (HSS). In the HSS a
strong thermal component, associated with disc emission is present,
while spectra taken during the LHS show characteristics of hard
(comptonized) emission. However, the exact definition of the states
and especially of the transition between these states are still under
debate. In this work we follow the classification of Belloni (2010)
(see also Belloni et al. 2005; Homan & Belloni 2005), which com-
prises a hard as well as a soft intermediate state (HIMS/SIMS); see
however McClintock & Remillard (2006) for an alternative classi-
fication and Motta et al. (2009) for a comparison.
In this paper we investigate the spectral properties of transi-
tions between the LHS and HSS. We focus on a comparison of the
spectral properties of the SIMS observed during the hard-to-soft
and the soft-to-hard transition.
2 OBSERVATIONS
The 2010 outburst of GX 339-4 was densely covered by Rossi X-
ray Timing Explorer (RXTE), providing the (up to now) best cov-
erage of the state transitions between the LHS and the HSS. For
each observation of the outburst we determined the hardness ratio
using Proportional Counter Unit 2 (PCU2) channels 7 – 13 (2.87 –
5.71 keV) for the soft band, and channels 14 – 23 (5.71 – 9.51 keV)
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Figure 1. Upper panel: Hardness intensity diagram of the whole outburst,
obtained using RXTE observations. Intensity corresponds to the count rate
within the STD2 channels 0 – 31 (2 – 15 keV) and hardness is defined as
the ratio of counts in 7 – 13 (2.87 – 5.71 keV) and 14 – 23 (5.71 – 9.51
keV) STD2 channels. Each point represents an entire observation. Consec-
utive observations are joined by a solid line until the softest observation
is reached; after that by a (red) dashed line. The grey shaded area marks
the hardness ratio range in which all observations that show type-B QPOs
are located. This is also the hardness ratio range on which our study is
based. Lower panel: corresponding hardness-rms diagram within the 0.1 –
64 Hz frequency band. During the soft-to-hard transition the fractional rms
is higher than during the hard-to-soft transition, but in the region selected
for our study (grey shaded).
for the hard band. The hardness intensity diagram (HID) as well as
the hardness-rms diagram (HRD) of the whole outburst is shown
in Fig. 1. The fractional rms was computed within the 0.1 – 64 Hz
frequency band following Belloni & Hasinger (1990).
GX 339-4 shows the standard q-shaped pattern in the HID of
this outburst. After the passage through the LHS and HIMS, type-
B QPOs (quasi periodic oscillations; for a description of different
types of QPOs see Wijnands et al. 1999; Casella et al. 2005) are
seen in the power density spectra (see Sect. 3), indicating that the
system is in the SIMS. Once this state is reached, several fast transi-
tions between the SIMS and the HSS are observed with one extend-
ing to the HIMS (see Fig. 1). During the SIMS in the soft-to-hard
transition at lower luminosities, the source also shows a few minor
transitions.
In the transition from the LHS to the HSS, in the follow-
ing called the upper branch, we select all observations that show
a type-B QPO. These observations have a hardness ratio ranging
from 0.2208 to 0.2883 (grey shaded area in Fig. 1). Please note that
this hardness ratio range also includes observations without a type-
B QPO. The same hardness ratio range is used to select observa-
tions from the lower branch (the back transition from the HSS to
the LHS at lower luminosities). All observations showing type-B
QPOs on either branch are within the hardness ratio range used. On
the upper branch the centroid frequency of the type-B QPOs is ∼5
Hz, while on the lower branch it reduces to ∼2 Hz (see Motta et al.
2011). The fractional rms of observations showing type-B QPOs
lies in the expected 5 – 10 % range (see Mun˜oz-Darias et al. 2011).
Furthermore, observations with a type-B QPO have a lower frac-
tional rms during back transition than in the hard-to-soft transition.
For most of the remaining parts of the outburst the fractional rms
during back transition is higher than it has been in the hard-to-soft
Figure 2. QPO centroid frequency vs. 0.1 – 64 Hz fractional rms. Each point
corresponds to a different observation. Symbols correspond to QPO types:
filled circles are type-C QPOs, open circles are type-B QPOs. No type-A
QPOs are detected in the 2010 outburst of GX 339-4, but their location
according to Motta et al. (2011) is indicated.
transition (observations belonging to the back transition are marked
in red in Fig. 1).
In summary, observations were included in the sample for
comparison if their hardness ratio ranged between 0.2208 and
0.2883, as this interval comprises all observations with type B-
QPOs. We also analysed HIMS observations (0.2883 < HR 6 0.8)
to cover the whole transition.
3 POWER DENSITY SPECTRA
We produced power density spectra (PDS) using 16 second long
stretches of GoodXenon, Event and SingleBit mode data. We lim-
ited PDS production to the Proportional Counter Array (PCA)
channel band 0 – 35 (2 – 15 keV). After averaging the PDS and sub-
tracting the contribution due to Poissonian noise (see Zhang et al.
1995), the PDS were normalised according to Leahy et al. (1983)
and converted to square fractional rms (Belloni & Hasinger 1990).
We fitted the PDS using the Xspec fitting package by applying a
one-to-one energy-frequency conversion and a unit response. The
noise components were fitted with three broad Lorentzian shapes,
one zero-centered and other two centered at a few Hz (Belloni et al.
2002). We fitted the QPOs with one Lorentzian each. Occasionally
it was possible to achieve a significant improvement of the value of
reduced χ2 by adding a Gaussian component, which better approx-
imates the shape of the narrow peaks. The QPO centroid frequency
as well as the total fractional rms for each observation is listed in
Table A.
Casella et al. (2004, 2005) showed that QPOs could be clas-
sified by the following properties: the quality factor (Q =
νcentroid/FWHM) and the shape of the noise associated with the
oscillation in the PDS. It has been also proven that QPOs can be
discriminated by the amount of noise present in the PDS, which
is quantified by the fractional rms (Mun˜oz-Darias et al. 2011).
This leads to a more specific version of the ABC classification
(Motta et al. 2011), in which type-B QPOs are characterised by rms
strictly within the 5 – 10% interval and are observed at frequencies
ranging from 1 to 7 Hz.
The relation between centroid frequency and fractional rms
is shown in Fig. 2. This plot allows us to distinguish clearly be-
c© 2011 RAS, MNRAS 000, 1–7
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Figure 3. Power density spectra of some observations with type-B QPOs, detected during the hard-to-soft (upper row) and soft-to-hard transition (lower row).
tween type-C (filled circles) and type-B QPOs (open circles). Sim-
ilar plots for XTE J1859+226 and a sample of sources can be
found in Casella et al. (2004) and Casella et al. (2005), respec-
tively. The four points associated to type-B QPOs detected in the
soft-to-hard transition (open circles with QPO centroid frequency
between 0.9 and 2.0 Hz) are located in an area which is empty in the
Casella et al. (2004, 2005) plots, as these plots contain only type-
B QPOs detected during the hard-to-soft transition. Furthermore,
the four points associated to type-B QPOs during the soft-to-hard
transition are located clearly outside the regions associated to type-
C and type-A QPOs. Therefore we identify these four QPOs as
type-B. A selection of PDS with type-B QPOs observed during the
hard-to-soft as well as the soft-to-hard transition is shown in Fig. 3.
For a more detailed study of different types of QPOs detected in a
sample comprising data of four outbursts of GX 339-4 and a dis-
cussion of QPO properties with respect to source flux as well as
spectral properties see Motta et al. (2011).
4 SPECTRAL ANALYSIS
Energy spectra were extracted from PCA PCU2 data using the stan-
dard RXTE software within heasoft V. 6.9. We had to exclude all
High Energy X-ray Timing Experiment (HEXTE) data from our
analysis, since most of the HEXTE spectra contain strong resid-
uals that are related to the difficulties in determining the back-
ground contribution in the spectra since the “rocking” mechanism
of HEXTE is broken. To account for residual uncertainties in the
instrument calibration a systematic error of 0.6 per cent was added
to the PCA spectra1. The spectra were fitted with isis V. 1.6.1
(Houck & Denicola 2000).
Since we were only interested in the behaviour of the hard
spectral component we decided to neglect the contribution of the
soft (disc) component and to focus our spectral analysis on the high
energy range. We fitted the PCA (10 – 40 keV) data using a power
law model. For the first few observations of the HIMS an additional
high energy cut-off was needed to obtain good fits.
The fits resulted in formally acceptable reduced χ2 values
and the spectra were clearly free of residuals. As an iron line
was present at lower energies, indicating the presence of reflec-
tion processes (Zdziarski et al. 1999), it might be possible that
also a broad reflection feature showed up around 30 keV (e. g.
Magdziarz & Zdziarski 1995). This feature could be due either
to reflection of the comptonized emission onto the accretion disk
(see Gilfanov 2010, for a review) or to extended layers of ma-
terial covering certain regions of the optically thick accretion
disk (e.g. wind clouds surrounding the central black hole, see
Shaposhnikov & Titarchuk 2006). To exclude that the value of the
photon index was affected by the presence of this feature we also
tried a different model, consisting of a power law multiplied by a re-
flection component (reflect). We found that the relative reflection
component was only needed for the first few HIMS observations.
Taking reflection into account changes the value of the photon
index in each individual observation. This has to be expected, since
a “phenomenological model” such as a power law is not able to take
into account the reflection features around 30 keV. However the
overall behaviour of the photon index observed between upper and
lower branch stays the same (Fig. 4). In the remaining observations
1 A detailed discussion on PCA calibration issues can be found at:
http://www.universe.nasa.gov/xrays/programs/rxte/pca/doc/rmf/pcarmf-11.7/
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the relative reflection component found was always consistent with
zero within errors. In the following, we discuss only the results
from the PCA 10 – 40 keV spectra.
5 RESULTS AND DISCUSSION
In spite of GX 339-4 has been deeply studied by RXTE during
the last years, spectral transitions are very fast, which results in a
few SIMS observations per outburst. Most of these observations
are usually concentrated in the upper branch. Since the SIMS was
intensively covered during 2010 and many type-B QPOs could be
observed, it was possible to make an unprecedented detailed direct
comparison between the upper and lower branch SIMS. Hence, we
investigated PCA spectra (10 – 40 keV) to search for differences in
the spectral properties of both branches and how they can be ad-
dressed in the light of (non)detection of radio emission and QPO
properties. Figure 4 shows the temporal evolution of the photon
index. It increases during the HIMS and reaches a more or less
constant value during the SIMS in the upper branch. In the lower
branch, the SIMS spectra have a consistently lower photon in-
dex than those in the upper branch. The HIMS shows a moder-
ate decrease in photon index. The fact that the soft-to-hard tran-
sition takes place at a much lower photon index (see also Fig. 5)
means that the high energy part of the spectrum is harder in the
lower branch than it was in the upper branch. There are numerous
works on BHTs that study the evolution of the temporal and spec-
tral properties during the whole outburst (e. g. McClintock et al.
2009; Motta et al. 2010; Shaposhnikov et al. 2010). Other papers
are dedicated to a detailed investigation of those properties dur-
ing the outburst decay (e. g. Kalemci et al. 2004, 2005, 2006). The
overall evolution of the photon index throughout a BHT outburst,
which – roughly speaking – consists of an increase from the LHS
to the HSS followed by a decrease when the source goes back to
the LHS, is already known from those studies. However none of
these studies focuses on the behaviour of the photon index during
the upper and lower branch SIMS, which is most probably related
to the previously sparsely sampling of (lower branch) SIMSs.
Remember that the observations were selected from the
same hardness ratio range. A different contribution of the disc
to the overall emission – which arises in a reduced inner disc
temperature – compared to the upper branch has to be ex-
pected due to the lower luminosity in the soft-to-hard transition
(Maccarone & Coppi 2003; see e. g. Shaposhnikov et al. 2010 or
Stiele et al. 2011 for XTE J1752-223 or Mun˜oz-Darias et al. 2011
for MAXI J1659-152). This change in the disc contribution to
the emission requires that also the rest of the spectrum must be
modified since the hard tail depends (in a complicated way, via
Comptonization processes; see e. g. Sunyaev & Titarchuk 1980;
Titarchuk & Lyubarskij 1995 and references therein for thermal
Comptonization, Titarchuk et al. 1996 and references therein for
non-thermal Comptonization, Del Santo et al. 2008 and references
therein for hybrid Comptonization) from the disc itself. Thus the
spectral shapes between upper and lower branch at a similar hard-
ness ratio should differ from each other. While hardness ratio can
be used as a good tracker of the spectral shape for observations
obtained at more or less the same flux, our results show that one
should be cautious especially when analysing spectra at very differ-
ent fluxes, as it is the case for observations of the upper and lower
branch. In this case it is necessary to “re-calibrate” its meaning ac-
cording to the new flux level. In other words, the same hardness
range tracks different photon index intervals at different fluxes.
Figure 4. Temporal evolution of the photon index for different spectral
models. The values obtained from a power law + cut-off model are given
in black, the one obtained from a power law model with reflection in green.
The dashed lines mark the first transition from HIMS to SIMS as well as the
last transition from SIMS to HIMS. Transitions in between are not indicated
(see however Table A). The time of the first observation of the HIMS in the
hard-to-soft transition was selected as T0.
Figure 5. Distribution of the photon index values in the upper (black) and
lower (grey) branch, with a bin size of 0.05. Only the values obtained with
the power law + cut-off model are shown. In the upper branch the photon
index peaks at ∼2.45, while the distribution in the lower branch is broader
and peaks at ∼1.95. Photon indices obtained from observations with type-B
QPOs are marked as filled bars.
The connection between source flux and photon index is
shown in Fig. 6. The colour of the dots represents the temporal evo-
lution of the parameters during the outburst. The behaviour seen is
expected according to the HID.
The observations of the upper and lower branch were selected
in such a way to include all observations with type-B QPOs and
have a similar fractional rms. Furthermore, they are all located
within a certain hardness ratio range, which is represented as a
vertical strip in the HID. It is known that the jet line does not
follow a vertical line in the HID, but shows a more complex be-
haviour (Fender et al. 2009). In the lower branch the jet does not
turn on before the source is settled in the LHS (Kalemci et al. 2006;
Russell & Lewis 2011). We showed that the photon index during
the SIMS in the lower branch transition is smaller than in the upper
branch transition. This means that lines of constant photon index
run from the upper right to the lower left in the HID during state
transition.
c© 2011 RAS, MNRAS 000, 1–7
5Figure 6. Upper pannel: Relation between source flux and photon index.
The colour of the dots represents the temporal evolution of the parame-
ters during the outburst. Lower pannel: Relation between QPO centroid
frequency and photon index. Values belonging to observations of the hard-
to-soft transition are marked as squares, those of the soft-to-hard transition
as dots.
It is known that the disappearance of the steady radio jet in the
upper branch and the re-appearance of the jet in the lower branch
take place at different hardness ratios. Our finding of a lower pho-
ton index during the SIMS of the lower branch implies that the jet
appears at a much lower photon index in the soft-to-hard transition
than it disappeared at in the upper branch. This implies that there is
either no relation between photon index and radio emission or that
this relation has to be extremely complicated.
The photon indices found in the SIMS of the lower branch cor-
respond to values obtained at the onset of the HIMS in the upper
branch (see encircled dot in Fig. 1). This finding is in agreement
with the lagging of timing properties compared to spectral prop-
erties in the soft-to-hard transition, as reported in Kalemci et al.
(2004). Furthermore Mun˜oz-Darias et al. (2011) showed that the
onset of the upper branch HIMS and the transition form the lower
branch HIMS to the LHS are situated on two different hard lines in
the intensity-rms diagram of GX 339-4.
Furthermore, we found that type-B QPOs can be asso-
ciated to different spectral shape. Previous studies, which did
not differentiate between type-B and other types of QPOs,
used a relation between photon-index and QPO centroid fre-
quency to estimate the mass of the black hole in X-ray binaries
(Shaposhnikov & Titarchuk 2007, 2009). In the upper branch type-
B QPOs appear at a centroid frequency of ∼5 Hz (Motta et al. 2011)
and in observations where the photon index is between 2.3 and 2.6.
In the lower branch the centroid frequency of type-B QPOs reduces
to ∼2 Hz (Motta et al. 2011) and they are mainly observed in ob-
servations which spectra have a photon index of ∼1.9 (see Fig. 6).
However, we observe type-B QPOs neither in observations of the
upper branch that have a photon index of ∼1.9 nor in observations
of the lower branch which have a photon index of ∼2.4. There-
fore, the physical conditions that lead to the QPO do not depend
in an obvious way on the power law parameters. Figure 5 clearly
shows that within each branch the photon index is not enough to
distinguish between observations with and without type-B QPOs
in the selected sample. The difference is just in the timing. In addi-
tion, Motta et al. (2011) showed that there is a correlation between
centroid frequency of type-B QPOs and the count rate. We do not
want to claim here a relation between centroid frequencies of type-
B QPOs and photon index, but our findings underline that type-B
QPOs can appear only in a very narrow range of properties of a
BHT that are realised during state transitions. These properties oc-
cur in a rather narrow window in the HID and they are characterised
by selected combinations of peak frequencies of type-B QPOs and
photon index in the upper and lower branch, respectively.
Recent works indicate that the hard component observed in
spectra of intermediate states arises from hybrid Comptonization
(e. g. Del Santo et al. 2008, and references therein). In the inter-
mediate states, a hard tail extended to the MeV is observable
in the spectra (Done et al. 2007, like those observed in the HSS
(Grove et al. 1998)). This intermediate state tail is softer than the
tail that can be observed in the hard state and comes either in the
form of a cut-off power law rolling over at energies larger than
150 keV (Motta et al. 2009) or in the form of a simple power law,
with no observable cut-off up to a few MeV (Caballero Garcı´a et al.
2007). The extent of the tail shows that there must be non-thermal
Compton scattering, as in the high/soft state. However, the tail is
steeper, which means that the mean electron energy is lower. The
observed spectral shape can only be produced by a combination of
thermal/non-thermal Compton scattering. This could be produced
in a single region filled with two populations of electrons (one ther-
mal and the other non thermal). Alternatively there could be two
different regions, one with thermal electrons (the same electrons
that in the hard state are responsible of the thermal comptonization)
and one with non-thermal, perhaps related to the jet base. Assum-
ing that the hard component results from hybrid Comptonization,
the appearance of type-B QPOs depends directly on the proper-
ties of the hybrid Comptonizing medium. In particular, the type-B
QPO frequency is strictly related to the temperature distribution of
the electrons, that in turn determines the inclination of the hard part
of the spectrum. In this regard, it appears natural to assume that
the properties (i. e. the temperature distribution) of such a medium
are different in the softening and hardening phase, which are sep-
arated by the HSS, where the hard contribution to the emission is
nearly negligible and therefore, our results are consistent with this
scenario.
However, the presence of diverse elements acting together in
spectral/temporal evolution of the system (such as different popula-
tions of electrons, accretion flow and even a magnetic field) results
in several effects that are difficult to disentangle. The complexity of
the situation makes it difficult to identify how the behavior of the
emitting components could affect the properties of the QPOs and
to determine whether the appearance of type-B QPOs is related to
changes in the corona, in the disc, the accretion-ejection process, or
c© 2011 RAS, MNRAS 000, 1–7
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a combination of several processes. Such issue is not trivial to the
understanding of accretion and of the fundamental physics acting
in presence of compact objects and strong gravitational fields and
should be the topic of further investigations.
6 CONCLUSION
We investigated the spectral properties in the 10 – 40 keV band dur-
ing state transitions in the 2010 outburst of GX 339-4. The sample
of SIMS observations used contained all observations with type-B
QPOs. Comparing the (mean) photon index found in the SIMS of
the hard-to-soft transition with the one of the soft-to-hard transi-
tion a flatting of the power law is clearly evident. This means that
the back transition from the soft to the hard state does not only oc-
cur at lower luminosity and with lower peak frequencies of type-B
QPOs, but also at lower photon index. Hence, type-B QPOs can
be associated to different spectral shape. However, in each branch
only certain combinations of centroid frequency and photon index
are realised.
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APPENDIX A: ONLINE MATERIAL
This paper has been typeset from a TEX/ LATEX file prepared by the
author.
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Table A1. Photon index and flux (10 – 40 keV) derived from the best fit for each observation. A model consisting
of a power-law, and – if needed – a cut-off at high energies was used.
Obs. id. MJD state Γ† Flux∗ fold energy cutoff energy QPO centroid total
[keV] [keV] frequency fractional rms (%)‡
95409-01-14-02 55297.9 HIMS 1.84±0.02 9.43 132 +64
−34 19.9
+2.6
−2.1 1.25±0.01 21.9±0.1
95409-01-14-03 55298.7 HIMS 1.89±0.03 8.47 65 +40
−22 23.1
+3.5
−4.5 1.59±0.01 21.6±0.2
95409-01-14-06 55299.8 HIMS 2.05±0.02 7.25 61 +68
−40 26.2
+6.3
−5.5 2.43±0.01 20.0±0.1
95409-01-14-04 55300.3 HIMS 2.07+0.03
−0.24 7.45 152
+187
−142 20.6
+39.7
−20.6 2.38±0.01 20.0±0.2
95409-01-14-07 55300.9 HIMS 2.10±0.02 6.78 165 +86
−145 18.45
+3.8
−2.0 2.92±0.01 19.4±0.1
95409-01-14-05 55301.8 HIMS 2.21+0.03
−0.02 6.25 – – 3.64±0.02 17.7±0.2
95409-01-15-00 55302.2 HIMS 2.28±0.03 5.73 – – – –
95409-01-15-01 55303.6 HIMS 2.33±0.03 4.63 – – 5.65±0.04 14.61±0.1
95409-01-15-02 55304.7 SIMS 2.51±0.03 3.14 – – 5.6±0.1 8.3±0.2
95409-01-15-06 55309.0 SIMS 2.48±0.03 2.70 – – 5.9±0.2 6.5±0.1
95409-01-16-05 55315.7 SIMS 2.40±0.02 3.02 – – 6.1±0.2 9.3±0.1
95409-01-17-00 55316.1 SIMS 2.41±0.04 3.00 – – 5.9±0.1 10.0±0.1
95409-01-17-02 55318.4 HIMS 2.31±0.03 3.34 – – 6.67±0.19 13.69±0.13
95409-01-17-03 55319.1 HIMS 2.26±0.04 3.00 – – – –
95409-01-17-05 55321.7 SIMS 2.44±0.03 2.30 – – 5.3±0.1 7.2±0.1
95409-01-17-06 55322.2 SIMS 2.45±0.04 2.18 – – 5.2±0.1 7.5±0.2
95409-01-18-00 55323.2 SIMS 2.48±0.04 2.53 – – 5.5±0.1 8.6±0.1
95335-01-01-07 55324.2 SIMS 2.42±0.04 2.41 – – 5.3±0.04 8.7±0.2
95335-01-01-00 55324.3 SIMS 2.45±0.02 2.30 – – 5.3±0.03 8.5±0.1
95335-01-01-01 55324.4 SIMS 2.45±0.03 2.17 – – 5.1±0.02 7.4±0.1
95335-01-01-05 55326.2 SIMS 2.47±0.04 1.91 – – 4.9±0.03 7.1±0.2
95335-01-01-06 55326.3 SIMS 2.41±0.03 1.79 – – 4.9±0.03 6.3±0.2
95409-01-18-04 55327.0 SIMS 2.32+0.12
−0.11 2.01 – – 4.8±0.1 8.8±0.4
95409-01-18-05 55327.3 SIMS 2.52±0.07 1.96 – – 4.9±0.04 6.4±0.4
95409-01-19-00 55330.3 SIMS 2.43+0.06
−0.05 1.73 – – 4.7±0.05 3.3±1.1
96409-01-02-02 55573.5 SIMS 2.05+0.14
−0.13 0.47 – – – –
96409-01-03-00 55576.8 SIMS 1.93+0.13
−0.12 0.42 – – – –
96409-01-03-01 55578.9 SIMS 1.80+0.13
−0.12 0.43 – – – –
96409-01-03-02 55580.6 SIMS 1.91+0.13
−0.12 0.47 – – – –
96409-01-04-00 55582.7 SIMS 1.85+0.21
−0.19 0.43 – – – –
96409-01-04-01 55584.4 SIMS 1.95+0.12
−0.11 0.44 – – – –
96409-01-04-04 55585.9 SIMS 1.97+0.15
−0.13 0.45 – – 2.0±0.1 10.1±0.6
96409-01-04-02 55586.5 SIMS 2.01+0.17
−0.16 0.43 – – – –
96409-01-04-05 55586.9 SIMS 2.26+0.24
−0.21 0.35 – – 0.9±0.1 8.5±2.0
96409-01-04-03 55587.2 SIMS 1.98+0.15
−0.14 0.38 – – – –
96409-01-04-07 55587.5 HIMS 1.87+0.24
−0.21 0.42 – – – –
96409-01-04-08 55588.5 SIMS 2.03+0.28
−0.25 0.32 – – – –
96409-01-05-00 55589.2 SIMS 1.86+0.18
−0.17 0.38 – – – –
96409-01-05-04 55590.4 HIMS 1.95+0.24
−0.21 0.37 – – – –
96409-01-05-01 55591.6 SIMS 1.93+0.15
−0.13 0.39 – – 1.7±0.1 9.9±1.0
96409-01-05-05 55592.7 HIMS 1.76+0.17
−0.15 0.41 – – – –
96409-01-05-02 55593.5 SIMS 1.89+0.14
−0.13 0.36 – – 1.8±0.1 9.0±2.9
96409-01-05-03 55594.9 HIMS 1.95+0.12
−0.11 0.49 – – – –
96409-01-06-00 55597.3 HIMS 1.78+0.11
−0.10 0.69 – – – –
96409-01-06-01 55598.7 HIMS 1.79±0.09 0.62 – – – –
96409-01-06-02 55601.9 HIMS 1.61+0.070.06 0.79 – – – –
Notes:
†: photon index
∗: flux in the 10 – 40 keV band in units of 10−9 erg s−1 cm−2
†: in the 0.1 – 64 Hz range
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